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The scale of educational activities is increasing because mechanization, 
automation, cybernation, or whatever new technology is called, makes it possible to do 
more than could formerly be done. If a man helped by an automatic machine can turn 
out twice as much per hour, then, presumably, only half as many hours of work will be 
available for each man, or only half as many jobs. The President of the United States 
has said that approximately 1.8 million persons holding jobs are replaced every year 
by machines. Thus, presumably, 18 million persons lost their jobs in the 1950 s because 
of machines, yet total employment rose. In fact, it could be said that technological 

change has created more jobs than it has destroyed. While 13 million jobs were 

destroyed by various causes in the 1950’s more than 20 million were created as a 
result of technological change and growth in the stock of capital. Automation should 
be welcomed rather than feared. The rate of automation depends on the availability 
of capital and the rapidity in the rise in real wage rates. The unemployment problem is 
not the result of automation and will not be worsened by automation. This new, and old. 
technology is spreading very slowly, and the present slow pace is not likely to 
accelerate. (HC) 
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Automation is not a device with which to outlaw, displace or 
dispense with man. ... It is a means for increasing man’s stature 
and extending his ability to produce in greater volume with less 
physical effort or mental strain. 

F. G. Woollard, Machines in the Service- of Man 
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The Impact of 
Technological Change 



INTRODUCTION 



v/ORRiES ABOUT AUTOMATION have made headlines, occupied 
congressional committees, been the subject of many conferences, 
and produced a deluge of reports. The name is new, but the 
condition and the fear are old. In the 1920's, mechanization and 
electrification were felt to threaten us. In the 19th century, the 
Luddites rioted and smashed equipment because of their fear 
of the steam engine and power machinery. In the 15th century, 
hostelers and innkeepers opposed the growing use of the stage 
coach. In the 12th century, hand fullers dreaded the spread of 
mechanical fulling. 
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The worries about automation are mixed. Some fear that it is 
not coming rapidly enough to solve our balance-of -payments 
and economic growth problems. Others fear it is spreading with 
such a rush that workers are unable to learn new skills rapidly 
enough to avoid becoming as obsolete as horses. 

Historical Perspective 

Before looking at the specifics of this decade’s problem, we 
should place automation in the perspective of the continuing 
stream of history. Although the techniques now being applied 
are the result of an engineering revolution, they are, in an econ- 
omic and cultural sense, nothing more than a continuation of an 
evolution that has been going on for centuries. Beginning with 
a world in which men could barely gather and capture enough 
to keep themselves alive, we went through a first technological 
revolution, ending about 3000 B.C. It raised productivity suffi- 
ciently that societies could afford priests, an aristocracy, armies, 
and a bureaucracy. We even reached the stage of the Greek 
democracies. These were democracies of the few, however, 
resting on a large class of slaves. 

The second technological revolution did away with slavery, 
since it became cheaper to use mechanical power than human 
muscle, and created the base on which mass democracy now 
rests. The economic gains of the first revolution went to the few; 
those of the second have gone to the many; perhaps the automa- 
tion revolution will carry us on from a mass democracy to a mass 
aristocracy. 

In the past quarter century, we have doubled the productivity 
of the average man. If we can do the same in the next quarter 
century, average family income will go to $14,000 a year instead 
of the present $7,000. Median educational attainment, which 
rose from the grade school graduate to the high school graduate 
level, will move to that of the junior college graduate. Similar 
movements in the availability of leisure, the consumption of 
world travel, music, fine art, and medical services, will occur 
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if productivity and income trends continue. Essentially, this is 
what automation promises. 

The Pace of Automation 

Technology is felt to have moved at a sedate pace in the past 
compared with the recent rate of advance. In the 1930’s, it was 
fashionable to argue that the country^ was stagnant because, 
among other factors, technology was not producing the great 
new techniques it formerly did. For this reason, it was said, 
there was little use for additional capital. Unemployment then 
was attributed to the lack of technological advance and the 
resultant lack of outlets for the application of new capital. 

Too much technological change, however, may be as bad as 
too little. In the late 1940’s, we were told that automation was 
coming with such speed that factories would be fully automated 
in 10 to 20 years and that we were faced with “a decade or 
more of ruin and despair.” It is more than 12 years since that 
forecast was made by Norbert Wiener, the popularizer of the 
term Cybernetics ’ and one of the developers of the mathematics 
of communication which underlies much of the new control tech- 
nology. Yet, we still employ over 12 million production workers 
in factories, about the same number as at the time of Wiener’s 
prediction. Total employment in manufacturing industries has 
grown by more than a million men since 1950. 

How rapidly we automate depends upon the availability of 
capital and the rapidity of the rise in real wage rates. Present 
rates of capital formation are not much higher than the amount 
required to equip additions to the work force with the same 
quantity of capital as that used by the presently employed work 
force. If we add 1,300,000 workers a year to our labor force, 
the rate forecast for the next decade, nearly $20 billion a year 
will be needed to equip them sufficiently to be productive 
enough to be employable at current wage rates. If wage rates 
increase, a larger amount of capital will be required. If a larger 
amount does not become available in this situation, unemploy- 
ment will grow. 
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Total spending on business plant and equipment is less than 
$40 billion a year. Almost half of this amount is required to 
replace plant and equipment worn out by use, rendered econom- 
ically obsolete, and destroyed by fire or other catastrophe. There 
is very little left to increase the quantity of capital per man 
employed after providing for additions to the work force. In 
these circumstances, the spread of automation will be slow. 

Automation is spreading somewhat more rapidly than is in- 
dicated by these figures because of the overpricing of labor in 
some industries. Increases in wage rates make it economic to 
automate when it otherwise would not be so. The cost of the 
new equipment required to replace a man is about $35,000. If 
the annual wage of a man is less than $7,000, it does not pay to 
replace him at this cost since property and corporate earnings 
taxes, insurance, depreciation, and interest costs amount to about 
$7,000 on $35,000 worth of equipment. If annual employment 
costs rise above $7,000, it then pays to replace a few men. The 
rate at which men will be released by an industry to other occupa- 
tions or to the manning of additional capacity depends upon how 
rapidly wage rates rise. (If they rise too rapidly, men will not 
be completely absorbed by expanding occupations and unem- 
ployment will rise. ) 

As men are replaced, it becomes increasingly expensive to re- 
place additional men. In the late 1940’s, when coal mining em- 
ployment exceeded 400,000, the cost of replacing a man was 
about $20,000. Now that coal mining employment has dropped 
below 170,000, the cost of replacing a man is close to $50,000. 

To automate as completely as possible with present tech- 
nology, only one major segment of the American economy, 
manufacturing, would require an expenditure of well over $2.5 
trillion, assuming output is not increased. Even to modernize 
manufacturing to the levels of the new plants built in the 1950 s 
would require over $500 billion. Since total spending on new 
plant and equipment in manufacturing amounts to about $15 
billion per year, American manufacturing could not be mod- 
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ernized even to the level of the technology of the 1950’s for 
over '30 years. And this is under the extreme assumption that 
all the expenditure is used for modernization and none for ex- 
pansion. With the current division of capital outlays between 
modernization and expansion, modernization to the level of new 
plants of the variety built in the 1950’s would require about 50 
years. 

To automate completely manufacturing industry with no in- 
crease in total output would require two centuries at current 
rates of modernization. If we expand output at the rate neces- 
sary to keep up with population growth, however, present rates 
of capital formation will never result in complete automation 
of manufacturing unless the cost of automation is reduced to 
less than one-sixth of its present expense. That is unlikely to 
occur within the foreseeable future. 

Judging by changes in productivity, the recent pace of tech- 
nological change is no greater than in the past and is slowing. 
In manufacturing, output per man-hour rose by 2.9 percent per 
year from 1947 through 1961. The rise was more rapid in the 
earlier part of the period than in the latter. It averaged 3.2 
percent per year from 1947 through 1953. Since 1953, the aver- 
age rate of rise has dropped to 2.7 percent. 

Output per man-hour in manufacturing rose much more 
rapidly in the 1920's than in the last decade. The rate of increase 
was 5.3 percent per year, a rate almost double that of the 1950 
decade. Automation is proceeding more slowly, in terms of its 
effect on productivity, than earlier technological change. 

Automation and Unemployment 

There are observers who argue that automation or cybernation 
is something more than the latest stage in the long evolution of 
technology. Automation is said to be so different in degree that 
it is profoundly different in its effect. Automated machines con- 
trolled by computers do not simply augment muscle power, but 
replace and outperform human intelligence. In the future, ma- 
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chines will not only run machines; they will repair machines, 
program production, run governments, and even rule men. Union 
leaders will collect no dues and business will have no customers 
because, presumably, there will be no production workers re- 
quired. Human beings will be made as obsolete by these superior 
machines as horses were by the tractor and the automobile. 

Although we may grant that automation diflFers from other 
kinds of technology, we should not blind ourselves to history to 
the point of saying it is completely new. Perhaps the earliest 
automated device was the pressure cooker invented by Denis 
Papin in 1680. He originated a pressure control, which is still 
one of the simplest and most widely-used regulators today.^ 

During the 18th century, several types of automatic regulators 
were applied to windmills. An automatic, card-programmed loom 
was devised by Jacquard over 150 years ago. An automatic 
flour mill was built in 1784. Automatic silk looms were designed 
by Jacques Vaucanson in 1741. Eighteenth century steam en- 
gines were controlled by governors which had the sensing, feed- 
back, and resetting characteristics which are the hallmark of 
automation. And despite increasing automation- in the last two 
centuries, employment continually rose. 

In terms of a very recent type of automation, the use of elec- 
tronic data processing equipment, a United States Department 
of Labor study of large firms which introduced such equipment 
concluded that: 

Despite the reduction in labor requirements for the tasks per- 
formed by the computers, total employment of the offices as a 
whole rose. Over the 4 years from December 1953 to December 
1957, total office employment at 17 of the offices studied in- 
creased an average of 7 percent. This increase, however, was 
less than the 15 percent rise reported for clerical and kindred 
workers in the Nation as a whole. In 6 of the 17 offices, the 
increase was greater than 15 percent; in 7, less; and in 4 there 
was a decrease. Although the immediate effect of electronic 

1 R. H. Macmillan, Automation (Cambridge: Cambridge University 

Press, 1956). 
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data processing suggests some retardation in the growth of office 
employment, particularly part-time work, the experience of some 
offices suggests the possibility of expanding employment in new 
areas of office activity to handle information which had previously 
been uneconomical to acquire.^ 

We know from experience that automation in the factory turns 
machine operators into machine tenders and maintainers. This 
has already occurred in the textile industry, to name one ex- 
ample. Upon walking into the loom room of a modem mill, the 
first impression is that of a vast space filled with busy machinery 
and no people in sight. Yet employment in textile mill products 
exceeds 900,000. The chemical and petroleum refining industries 
use automatically controlled, continuous processes. They, too, 
provide employment on large scale amounting to more than one 
million jobs. 

The eflFect of automation has been to increase the relative 
number of maintenance men, engineers, office employees, pro- 
duction control specialists, and other non-machine operators 
that are required. This is simply a continuation of a trend which 
has been going on for decades. In 1899, less than 7 percent of 
the manufacturing industry labor force consisted of persons other 
than production workers. Today, 25 percent of manufacturing 
employees are indirect workers. Since 1940, production worker 
employment in manufacturing has increased by 52 percent while 
other workers increased by over 100 percent. 

The primary effect of automation is not a reduction in the 
number of jobs available. Rather, it makes it possible for us to do 
many things which otherwise cOuld not and would not be done. 
It will, in the future, literally make it possible to travel to the 
moon. It has, through the aid it gives doctors, saved lives that 
otherwise would be lost. By controllii^ trafiic signals in response 
to trafiic flows and reducing trafiic congestion, it has added 
hours to the free time of commuters every week. It has helped 

2 U.S. Bureau of Labor Statistics, Adjustment to the Introduction of 
Office Automation, Bulletin No. 1276 (Washington: U.S. Government 
Printing Ofiice, 1960), p. 4. 
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scientists, with the aid of high-speed indicators, to develop new 
knowledge that would not have been available in our lifetimes. 
We are increasing the scale of educational activities because 
mechanization, automation, cybernation, or whatever we choose 
to call our new technology, makes it possible to do more than 
we could formerly. With the coming of automation, men are 
able to do more and have more. Both sublime and mundane 
activities are being enlarged. 

Those who fear a great rise in unemployment think in terms 
of a given list of goods to be produced. If a man helped by an 
automatic machine can turn out twice as many widgets j^r 
hour, then, presumably, only half as many hours of work will be 
available for each man to do or only half as many jobs. The 
President of the United States has said “that approximately 1-.8 
million persons holding jobs are replaced every year by ma- 
chines.” Presumably, 18 milHon persons lost their jobs in the 
1950’s because of machines; yet, total employment rose by seven 

milhon. 

Using the above logic, there would be more jobs now if pro- 
ductivity had not increased. It would take nearly two mipon 
more men to turn out our present production if our productivity 
were at the 1961 level. Reducing this to absurdity, if we froze 
productivity at the 1952 level, it would take 17 million more men 
to produce our present output. Unemployment then, would be 
minus 13 million, obviously an impossibihty. 

Technological change enables us to do more than we could 
otherwise. It enables us to pay men more and, at the same time, 
provide more jobs. It enables us to improve our housing, enrich 
our diets, provide better medical services, educate ourselves to 
higher levels, as well as making it possible to explore space. 

Those who are concerned about unemployment should wel- 
come rather than fear automation. If it were not for the tech- 
nical advances of the past decade, unemployment, at present 
wage levels, would be above the astronomical levels of the early 
1930’s. Alternatively, if real wage rates were at levels consistent 



8 



Introduction 



with full employment under the same technology as that prac- 
ticed in 1950, wage rates would be about $10.00 per week lower 
than they are now. 

Technological change has created more jobs than it has de- 
stroyed. The number of civilians at work in 1961 was seven 
million higher than ten years before. Technological change and 
the growth in our stock of capital (in the form of plant and 
equipment and in the form of investment in raising the educa- 
tional level of our population) created over 20 million jobs in 
the fifties, and about 13 million jobs were destroyed by various 
causes. The 20 million new jobs created and the 13 mihion jobs 
destroyed left a net gain of seven million positions.® 



® See Appendix for an illustration of the relationships involved. 
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WHILE THE LONG-RUN RESULTS of automation may be the de- 
sirable effects noted previously, what will occur in the transition 
period-the short run? Will workers find it necessary to change 
jobs and to learn new skills? Will they suffer displacement at 
best and unemployment at worst? Will some regions be de- 
pressed while others boom? Will some of us enjoy increasing 
prosperity while a growing number suffer unemployment? Will 
small businesses wither while giant corporations flower? 
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Automation is not a simple phenomenon whose results can be 
categorized on the basis of “if automation, then this conse- 
quence.” The effects of automation differ depending upon the 
type of automation and the forces leading to its application. 
To understand what is happening, and what will happen, we 
must use several categories and examine characteristic varieties. 

Automation as Adaptation 

Much of the automation going on in the American economy 
is an adaptive response to changing prices of labor and capital. 
As we increase the stock of capital, productivity rises and wage 
rates increase. As wage rates rise, it pays the individual firm to 
shift to more capital intensive techniques which were not previ- 
ously economic. From the point of view of a single busjness, 
the wage rise makes the shift economic and often forces it. From 
the point of view of the nation, the rise in the quantity of capital 
makes the shift possible and desirable. 

“Detroit automation” typifies this variety of technological 
change. It is little more than carrying automatic manufacture 
a step further by the use of transfer equipment to move work 
from one automatic machine tool to another and interlocking 
these tools to get high utilization. The technique was first used 
in 1927 by Morris Motors of England. The method was tech- 
nically, but not economically, successful at that time. 

Since 1927, wage rates have risen and machine tools have be- 
come more expensive. Now that real hourly wage rates have 
more than doubled their 1927 level, the saving of direct labor 
costs in operating machinery and transferring work and the 
saving of labor in building machine tools is suflScient to justify 
the investment in transfer equipment and interlock controls. 

When the Ford Motor Company began applying “Detroit 
automation,” it primarily took the form of a larger quantity of 
capital applied with its current labor force to turn out larger 
amounts of work. Despite the saving in machine tool investment 
made possible by increasing utilization from 65 to 80 percent, 
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there was an overall increase in capital requirements of about 
25 percent in the Cleveland engine plant, where the technique 
was applied. There was a decrease of 22 percent in the direct 
labor force required to operate machinery, but this was more 
than 50 percent offset by the rise in maintenance personnel re- 
quired with the new arrangement. Total man-hours used in the 
company rose, partly because of a rise in output, partly because 
more man-hours were used per automobile to turn out a more 
complicated product. 

Automation of the Detroit variety, resulting mainly from a rise 
in wage rates, has different consequences depending upon the 
cause of the wage rate rise. If the rise is forced by an increased 
demand for labor on the part of other industries (as a conse- 
quence, let us say, of an increased supply of capital), any 
economies in the use of labor by the auto industry which de- 
crease its use of people, will not result in unemployment. Insofar 
as auto wage rates rise to prevent an unwanted loss of labor to 
other industries, those who do leave consist of men taking jobs 
elsewhere. Joblessness among the people leaving the industry 
does not occur since they are being bid away by rival employers. 

If wage rates in an industry are increased by raising floors set 
by minimum wage laws (such as the Fair Labor Standards Act), 
by administrative action (such as under the Walsh-Healy Act 
and the Davis-Bacon Act), or by negotiated agreements between 
employers and unions, the employment results may be different. 
To the extent that higher rates result from these actions than 
those which would be set in free markets, the resulting automa- 
tion will release manpower to inferior alternative uses. The re- 
leased men may either remain unemployed or move to less pro- 
ductive, lower paid alternative jobs. 

An example of the unemployment caused by arbitrarily de- 
termined wage rates, which is attributed to automation, is the 
case of elev tor operators in Chicago. There is a high incidence 
of unemployment among male juveniles in Chicago. Many of 
these boys would be happy to accept jobs as elevator operators 
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at $1.00 to $1.25 an hour. The elevator operators union imposes 
a minimum wage of $2.40 an hour, however, for operators in 
downtown Chicago buildings. Owners of buildings find it eco- 
nomic to spend $40,000 per elevator to automate their lifts and 
make them self-operating in these circumstances. Since the 
taxes, insurance, depreciation, maintenance, and interest cost of 
automating an elevator amount to $8,000 per year, it did not 
pay to automate when two shifts of operators cost only $5,000 
per year. The union has driven the two shift cost of operation 
to over $10,000 per year. The result is elevator automation, a 
drain of capital from expansion of production where it would . 
provide more jobs, fewer jobs for elevator operators, and prob- 
lems of unskilled teenagers finding tasks to keep themselves 
occupied. 

Thus adaptive automation has differing employment conse- 
quences. The specific result depends upon the forces leading to 
the increases in wage rates which cause the adaptation. 

Automation Resulting from Invention 

In the preceding section, the type of automation discussed re- 
quired additional capital which was used to replace labor. Such 
capital was too expensive to use to replace labor at lower wage 
rates. The techniques were known, but they were not applied 
until wage rates rose to the point where it became cheaper to 
perform jobs with more machines and less men. Unemployment 
occurred only if wage rates were pushed above free market levels 
by governmental or union actions or if employers made mistakes 
in setting wage rates. 

Another type of automation is that which occurs as a result of 
a new invention without any preceding change in employment 
costs relative to capital costs. A new technique which does a 
given job with less labor and less capital will be applied without 
waiting for an increase in wage rates. Railroad classification 
yards using computer controls installed in recent years are of 
this character. The Conway yard now in operation on the Penn- 
sylvania Railroad illustrates this category of automation. 
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An investment of $34 million was made at Conway, Pennsyl- 
vania, and nearby points to automate the classification of freight 
cars. Because of the more rapid handling of cars with this facil- 
ity, it saved the equivalent of 13,000 freight cars. The same 
amount of freight can now be moved with $100 million less in- 
vestment in rolling stock. The net saving in capital investment in 
railroad equipment as a result of this one facility amounted to 
nearly $70 million and labor savings equivalent to 200 men 
occurred. 

But it should be kept in mind that the lower employment in 
the railroad industry required to move a given amount of freight 
as a result of this type of automation does not necessarily mean 
lower employment in the railroad industry. If it does result in 
less railroad employment, it still does not mean lower employ- 
ment in the nation. 

The employment effect in the railroad industry depends upon 
the change in the price and quality of freight service and the 
response in the rate of buying of rail freight service to the change 
in price and quality. Freight service is improved by virtue of 
an eight-hour saving in the time required to move freight cars 
from either end of the Pennsylvania system to the other ( between 
New York and Chicago, for example). The savings in labor and 
capital requirements mean a lower price for freight service than 
would otherwise prevail. If electronic classification yards save 1 
percent of the rail manpower required to move a given volume 
of freight, but increase the amount of freight business done by 
railroads by 1.5 percent, the net result is a one-half of 1 percent 
increase in rail employment. 

If rail freight business is not very responsive to price and 
quality changes, perhaps freight volume will be only three- 
fourths of 1 percent higher than it otherwise would be. In this 
instance, under the above assumptions, a one-fourth of 1 per- 
cent decline in rail employment will occur. Under the circum- 
stances of this type of automation, no increase in the nation’s 
unemployment need occur, however. 
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The investment in the Conway yard displaced 200 men and 
released $70 million in capital. If volume of freight service in- 
creased by the amount assumed in the preceding paragraph, 150 
men and approximately $5 million in capital would be reabsorbed 
in other railroad departments. A net displacement of 50 men 
would occur along with the release of over $60 million of capital. 
The additional supply of capital made available to other indus- 
tries would increase the number of jobs available by about 500. 
This figure is based on the relations prevailing in the past decade. 
In general, we can expect a little more than half the capital be- 
coming available to be used for modernization (for economizing 
on labor and materials) and less than half for expansion. Ap- 
proximately one man is released for each $35,000 of moderniza- 
tion investment and one man is required for each $16,000 or 
$17,000 of expansion investment. 

In terms of the recent proportions in which capital has been 
used, the released $60 million will be used to pay for $35 million 
of modernization and $25 million of expansion. Modernization 
of this extent will release about 1,000 men and expansion of this 
amount will require 1,500 men. The net increase of 500 jobs 
outside the fail industry can absorb the 50 men released by the 
construction of a Conway Yard and 450 additional. The net re- 
sult of this type of automation, thus, is decreased unemployment 
despite lower rail employment. 

Another category of newly invented automation is that which 
saves labor but no capital. The consequences in this case depend 
upon the responsiveness of the rate of demand to a change in 
price in the affected industry. A new technique which exemplifies 
this is the development of the automatic method for machining 
cylinder heads. The old method required six operators and six 
machines costing $240,000. The new machine cost $230,000 and 
required only one operator to turn out the same amount of 
product. Inasmuch as the old machines, in this case, could be 
sold for $60,000 in the second-hand market, it paid to replace 
the old machines at the prevailing wage levels at a net invest- 
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ment requirement of $170,000. The wages saved on the five 
men released made the investment worthwhile. 

The lower prices made possible by less expensive methods of 
production such as that described above, frequently create a 
sufficient increase in the rate of product demand to require more 
employees in the industry. Also, the greater income resulting 
from the effect of technical advance in raising productivity 
increases the, demand for many products and services and in- 
creases employment opportunities (see Table I). 

Some industries have, however, found that the rate of demand 
does not increase sufficiently to maintain employment. In this 
case, men are released who must find employment elsewhere. At 
the same time, these industries absorb capital. This reduces the 
flow of new capital available to other industries for expansion. 
If the reduced flow is still large enough to equip the released 
men with as much plant, machinery, and materials as those al- 
ready at work in other industries, there will be little difficulty 



Table I 

Employees in Nonagricultural Industries 
1950-1961 

(data in thousands) 





1950 


1961 


Total 


45,222 


54,076 


Mining 


901 


6'67 


Contract construction 


2,333 


2,760 


Manufacturing 


15,241 


16,268 


Transportation and public utilities 


4,034 


3,923 


Wholesale and retail trade 


9,386 


11,365 


Finance, insurance, and real estate 


1,919 


2,748 


Service and miscellaneous 


5,382 


7,514 


Government 


6,026 


8,831 


Source: U.S. Bureau of the Census, 


Statistical Abstract of the 


United 


States, 1962 (Washington: 


U.S. Government Printing 


Office, 



1962). 
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in absorbing the men at current wage levels. If, however, the re- 
duced capital flow is inadequate, the men will not be absorbed 
unless wage rates fall. 

The effect of a small flow of capital on expansion and employ- 
ment as compared with a large flov/ is highlighted by employ- 
ment experience between 1929 and 1938 as compared with that 
between 1946 and 1955. In the 1929-38 period, net saving and 
capital formation equaled 2.5 percent of the net national product.^ 
In face of a 35 percent rise in real wage rates (from $0.77 to 
$1.04 hourly earnings in manufacturing =" measured in 1947-49 
dollars), all the new capital and more was absorbed equipping 
men at work with the consequences that employment fell by 
three million (from 47.6 million in 1929 to 44.2 million in 1938).^ 

In the 1946-55 period, net saving and capital formation equaled 
9.0 percent of the net national product. Despite the 26 percent 
rise in real wage rates (from $1.30 to $1.64 hourly earnings in 
manufacturing measured in 1947-49 dollars ) , the new capital was 
sufficient to equip the men at work with additional capital with 
enough left over to expand capacity by an amount great enough 
to increase the number of civilian jobs by eight million (from 
57.5 million to 65.8 million). 

Thus, in summary, the employment and wage consequences of 
newly invented automation techniques which reduce labor re- 
quirements per unit of product depend upon the responsiveness 
of demand to price decreases ( elasticity of demand ) and the flow 
of savings available for investment. If demand is very respon- 
sive, no difficulty should occur. If it is not very responsive, no 
difficulty need occur if the flow of savings is large enough. Only 
unresponsive demand and a low flow of savings will result in 
unemployment or, alternatively, reduced wage rates. 

^S. Kuznets, Capital in the American Economy (Princeton: Princeton 
University Press, 1961), p. 95. 

2 The Economic Almanac: 1960 (New York: National Industrial Con- 
ference Board, 1960), p. 255. 

2 Economic Report of the President (Washington: U.S. Government 
Printing Office, 1961), p. 146. 
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The selected instances of automation described above do not 
cover all the various types/ They represent extreme cases which 
illustrate the spectrum and indicate possible consequences. In 
any given instance, the results cannot be predicted simply from 
an analysis of the technique itself. The same newly applied 
technique will have diflFerent consequences depending upon the 
response of the market for the product, the nature of the labor 
market, the rate of growth of the labor force, and the flow of 
savings available for investment. In general, the larger the flow 
of savings, the less the difificulties created by automation. Also, 
the more flexible or free labor markets are, the fewer the difii- 
culties and strains encountered. 



* Y. Brozen, “The Economics of Automation,” American E^nomic Re- 
view, May 1957. 
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IT IS FREQUENTLY POINTED OUT that automation has created 
more jobs than it has destroyed. Nevertheless, while some people 
find jobs at higher wages because of automation than they other- 
wise would be able to obtain, others are displaced and may suffer 
extended periods of unemployment. What is the magnitude of 
this displacement? How can we minimize it without deleterious 
effects upon the economy? How can we shorten the period of 
unemployment of those who are displaced? And are those seek- 
ing a job for the first time adversely affected? 
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Before discussing the displacement problem, we must under- 
stand that there has been no unemployment caused by techno- 
logical change.^ Although some people are unemployed who 
would have been at work but for automation, others are at work 
who would have been unemployed but for the same automation. 
“The real impact of automation on unemployment is this: jobs 
are lost in one plant, in one industry, or in one locality, while 
they are created somewhere else— in another plant, another in- 
dustry, and another locality.” ^ What automation does is to 
change who is unemployed, but it does not increase unem- 
ployment. Automation has caused displacement, but not unem- 
ployment, at least in the sense of increasing the total number 
unemployed. If anything, it has decreased the total number 
unemployed.® 

The Magnitude of Displacement 

Expenditures for new plant and equipment by United States 
business amount to about $36 billion per year. Although our 
data are not adequate for precise estimates, it appears that ap- 
proximately 60 percent of this spending goes for modernization 
and the balance for expansion. If all the modernization invest- 
ment displaces men, about 600,000 men per year would be dis- 
placed. 

Many of the companies modernizing their plants are, at the 
same time, expanding capacity. The number of nev/ jobs now 
being created by the expansion of capacity is approximately one 
million per year. If the new jobs are created in the same plants 
that are modernizing, the men who would have been displaced 

^Y. Brozen, “Automation: Creator or Destroyer of Jobs,” Iowa Business 
Digest, February 1956. 

2 E. Clague, Automation and Unemployment (U.S. Department of Labor, 
September 29, 1961, mimeographed). 

^ Other factors are responsible for the unemployment attributed to auto- 
mation. For a discussion of these other factors, see Y. Brozen, “Why do 
we have an Unemployment Problem,” Employment and Unemployment, 
The Problem of the 1960’s (Washington: Chamber of Commerce of the 
United States, 1961). 
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often can be shifted to the new jobs and no employee finds him- 
self without a job because of displacement. 

Unfortunately, expansion investment frequently occurs in com- 
panies and plants different from those that are modernizing. Some 
men, then, are laid off. No estimate is available of the number 
of men actually laid off because of automation. About the best 
we can do, estimating on the basis of isolated instances which 
may or may not be representative, is to say that the amount of 
actual layoffs is considerably less than 200,000 per year. These 
appear to be concentrated in a few industries such ''s coal mining, 
railroading, and automobile manufacturing. The employment 
decline in coal mining has amounted to 20,000 per year. In rail- 
roading, it has amounted to 40,000 per year, and in auto manufac- 
turing about 10,000 per year. 

The number of men permanently laid off in an industry is, of 
course, much less than the decline in total employment. Much 
of the decline occurs through retirements and voluntary quits. 
Some industries in which employment is declining still have to 
hire men each year because retirements and quits exceed the 
decline. 

Even in the automating industries in which employment is 
declining, it cannot be said that the employment decline is the 
result of automation. In railroading and coal mining, the em- 
ployment decline would have been much greater, given the 
increases in wage rates which occurred, but for automation. The 
reduction in costs resulting from automation made it possible 
to retain markets which would have been lost to trucks, buses, 
pipelines, barges, and airlines in the case of railroads and to oil, 
gas, water power, and atomic energy in the case of coal mines. 
By retaining these markets, railroads and coal mines are pro- 
viding more jobs than would have been available if they had 
not been able to minimize, through automation, their rise in 
costs and prices. 

Both rail transportation and coal mining have suffered extra- 
ordinary increases in employment costs. Aside from substantial 
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increases in fringe benefits, hourly earnings in coal mining rose 
from $1.20 in 1945 to $3.15 in 1960. This was a greater propor- 
tionate rise than in manufacturing, which rose from $1.02 to 
$2.26. The diflFerential relative to manufacturing increased from 
18 percent to 39 percent, shifting 21 percentage points, a rise 
of over 100 percent in the percentage diflFerential. One of the 
results was a decline in coal mining jobs from 384,000 to 168,000. 
Rail wage rates and employment show the same pattern. Hourly 
earnings rose from $0.96 to $2.61, again with a .shift of 21 per- 
centage points in the diflFerential relative to manufacturing. Here, 
too, the number of jobs declined, from 1,400,000 to 800,000. 

If rail and coal wage rates had maintained the same relation- 
ship to manufacturing wage rates throughout this period, the 
decline in employment, undoubtedly would have been much 
smaller. Thus, at 1960 output levels, coal mining employment 
would have been about 80,000 higher than it was, and rail em- 
ployment would have been approximately 450,000 higher. In 
addition, rail tariflFs and coal prices probably would have been 
lower and sales and output higher. Additional jobs would have 
been created by the larger output. 

The Location of Displacement 

Usually, layoflFs because of automation occur when the auto- 
mation and any employment decline are concentrated in one 
area while expansion is occurring in other areas. For example, 
41,000 more men were employed in Michigan in the transporta- 
tion equipment industry than in the other East North Central 
states in 1954. By 1958, Michigan’s transportation equipment 
employment had dropped to 44,000 less than in the other East 
North Central states. 

Michigan has suflFered a much higher incidence of unemploy- 
ment than most other states. This occurred because of the much 
greater decline in auto employment there, and the greater con- 
centration of the auto industry in Michigan, than that in other 
states. It would be easy to blame unemployment in Michigan 
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on automation, except that auto industry automation seems to 
have had a diflFerent result in Michigan than elsewhere. In 
seeking a reason for this, we find that transportation equipment 
wage rates rose 10 percent more in Michigan than in other 
East North Central states between 1950 and 1957. Primarily, 
this led to the adaptive response described above. 

Dr. Stephen Sobotka has analyzed the underlying relationships 
which explain the Michigan phenomenon.'^ He found that a 
1 percent rise in relative wage rates in the transportation equip- 
ment manufacturing industry reduces employment in this in- 
dustry by 2.8 percent. Employment decreases by this amount 
if the industry holds its output constant in spite of its cost 
increases. If the cost increases cause lower output, an even 
greater decrease in employment occurs. 

The saving in manpower is purchased at the price of heavy 
capital expenditures. Increasing labor costs in Michigan have 
twisted capital allocation in the direction of modernization and 
away from expansion of capacity. The result has been a de- 
clining use of labor, notwithstanding large expenditures on equip- 
ment and plant, although such large expenditures in other states 
are accompanied by increased employment. 

The point can be made clear by an illustration. Assume that 
an investment of $15,000, which is equivalent to an annual ex- 
penditure of $3,000, let us say, will create one job at prevailing 
wage rates. With, let us assume $1,200,000 available for invest- 
ment in Michigan, additional capacity will be built which will 
return $240,000 per year to cover annual capital costs ( corporate 
earnings tax, property tax, and return to security holders suffi- 
cient to induce investment), The additional capacity will provide 
80 additional jobs. 

Now, let us suppose that in Michigan 1,000 men are employed 
at $6,000 per year in an industry in which the elasticity of sub- 
stitution is —2.8. This elasticity is based on the condition that 

^S. Sobotka, “Michigan’s Employment Problem: The Substitution Against 
Labor,” Journal of Business, April 1961. 
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28 of the men can be replaced, with no reduction in output, with 
equipment whose annual cost is, let us say, $169,000. Since the 
28 men cost $168,000 annually (28 times $6,000), there is no 
incentive to replace them. However, a relative wage increase 
(or employment cost increase) of 1 percent raises employment 
cost for the 28 men (in terms of a constant dollar) to $169,680. 
It now pays employers to use capital for replacement of men, 
since the annual cost of $169,000 for equipment (investment re- 
quired equals $845,000), indicates that the capital car earn more 
by replacing labor than it can by providing additional capacity. 
Then, of the $1,200,000 otherwise available in Michigan for 
creating additional jobs, $845,000 will go into manpower saving 
uses, and will reduce the number of present jobs by 28. Now 
only $355,000 of the $1,200,000 is left for enlarging capacity. 
Instead of 80 additional jobs, there will be only 23 to 24 additional 
jobs to absorb the 28 men displaced. Therefore, in spite of en- 
larged capacity and a growth in industrial activity, employment 
will fall. 

Methods for Minimizing Displacements 

The analysis of the Michigan situation points the way to 
methods of minimizing displacements. Less rapid increases in 
employment costs will divert less investment to modernization, 
and less displacement will occur. 

Also, more investment will go into expansion if there is a 
slower rise in employment costs. Also, the expansion is more 
likely to occur in the locality of the modernization (automation). 
In these circumstances, men may be directly transferred to the 
new jobs without sujffering displacement and an extended inter- 
val of unemployment. 

Even where, the new jobs require new skills, employers gen- 
erally have shown great willingness to undertake training pro- 
grams to avoid laying off their employees. Bureau of Labor 
Statistics studies of a petroleum refining plant and an insurance 
office, Bright’s recountal of the events connected with the auto- 
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mation of an engine plant and an electric generator plant, ^ and 
Caples^ account of the adjustments of the labor force when a 
continuous galvanizing hne was substituted for pot operations, 
all indicate this. ^ One personnel director has reported that 
production workers in his company have been retrained because 
of job changes, on the average, six times in the past ten years. 

In many instances where the new jobs available are not suffi- 
cient to absorb displaced workers, employers often still manage 
to meet the problem without discharging any employees. The 
decrease in labor requirements following technological changes 
is frequently met by not replacing retiring personnel and volun- 
tary quits. Cases of this type have been described in the litera- 
ture for conversions to electronic accounting and the automation 
of a bakery.'^ 



DATA: department OF LABOR, BLS SURVEY OF 20 BUSINESS OFFICES 

3G. P. Shultz and A. R. Weber, “Technological Change and Industrial 
Relations,” Employment Relations Research (New York: Harper & Brothers, 

1960). , . T 1 

^ The Competitive Challenge to Steel (New York: American Iron and 

Steel Institute, 1961), p. 3 A. 

^ Shultz and Weber, op. cit. 



Figure 1 




WHEN ELECTRONIC DATA PROCESSING 
IS BROUGHT INTO A UNIT, JOBS ARE LOWERED 
MAINLY BY TRANSFER AND TURNOVER 



4 0 % 



Job Status I Year After Introduction of EDP 



30 % 




TRANSFER 



io% 



RCASaiO NED 
IN SAME 



DiaCHARQE. 
LAYDFr. LEAVE 
OF ABSENCE 



TURNCVER QUIT. 



RCTIREM ENT 

and death 



O 



FDSITIDN 

UNCHANGED 



PDSITIDN 



SEPARATION 



25 



Automation 



Most employers extend themselves to avoid creating a dis- 
placement unemployment problem. Yet, employers, unions, and 
government are in large degree responsible for the overly rapid 
increase in employment costs in some industries and some areas 
which create a displacement problem. 

Avoidance of displacement can also be accomplished by a 
higher rate of saving and investment, as well as by a less rapid 
rise in employment costs. If enough new capital were regularly 
available, the same wage increases would have less eflFect on 
total employment. A larger flow of savings could provide as 
much capital as employers find it economic to use for moderniza- 
tion and leave a larger amount for expansion. The greater ex- 
pansion of capacity would serve to decrease the displacement 
occurring with any given employment cost increase. In this 
case, we could have our cake (higher wage rates) and eat it (no 
unemployment) too. 

One most important measure to encourage increases in savings 
and investment would be revision in the tax laws removing the 
punitive rates on higher incomes and reducing corporate earnings 
tax rates, as well as business property taxes. 
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AUTOMATION, OTHER THAN adaptation to employment cost in- 
creases greater than those consistent with maintenance of full 
employment, increases productivity, and per capita income. Thus 
the analysis of the long-run adaptation to the consequences of 
automation is largely an analysis of the adaptation to rising pro- 
ductivity and per capita income. 



27 



Automation 



We can understand better the adaptations required by first 
examining past responses to such circumstances. Past shifts in 
the relative importance of different types of industry and employ- 
ment will yield significant clues as to what may be expected in 
the future. 

The Shift in the Structure of Industry and Employment 

The past century has seen a sharp decrease in the relative im- 
portance of the primary industries, i.e., the extractive industries 
(agriculture, forestry, fishing, and mining). In 1870, these in- 
dustries employed more than one-half of our total work force. 
Thirty years later, at the turn of the century, primary industries 
still used over 40 percent of the work force. By 1930, the figure 
had dropped to less than 25 percent, and by 1960 these industries 
employed only 10 percent of the work force. It is expected that 
the figure will continue downward in the future. 

On the - other hand, the secondary or fabricating industries 
(manufacturing and construction) have employed proportion- 
ately more people every decade (see Table II). In 1870, one- 
fifth of our work force was in these industries. By 1900 the 
number had risen to one-fourth. The figure is now approaching 
one-third. 



Table II 

Distribution of Work Force In The U.S., 1870 







1870 


1900 


1930 


1960 


1. 


Extractive industries 


54.4% 


41.3% 


24.5% 


9.9% 


2. 


Fabricating industries 


... 21.9 


27.3 


29.2 


31.8 


3. 


Specialization aiding industries .... 


... 10.9 


16.9 


26.3 


31.9 


4. 


Personal service industries 


... 10.3 


10.5 


13.1 


15.2 


5. 


Life enriching industries 


... 2.6 


3.9 


7.0 


11.1 



Source: Data through 1930, U.S. Bureau of the Census, Historical Sta- 
tistics of the United States (Washington: U.S. Goverment Printing 
Office, 1960), and G. J. Stigler, Trends in Employment in the 
Service Industries (Princeton: Princeton University Press, 1956). 
Data for 1960, Survey of Current Business, July 1961. 
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The changing proportion of the work force employed in these 
two industries can be traced to differences in the income elas- 
ticities of demand for their products. As incomes increased, only 
a small part of the additional income was spent for agricultural 
commodities while a large part was spent for fabricated products. 
With each 1 percent increase in per capita income, the amount 
of agricultural commodities demanded grew less than one-half 
of 1 percent. The increases in per capita income were the result 
of increases in productivity. The extra 1 percent of agricultural 
output possible with the labor force in agriculture after pro- 
ductivity increased was met with a less than one-half percent 
increase in demand. In these circumstances, agricultural prices 
tended to fall. 

On the other hand, the extra 1 percent of output possible 
from secondary industry with a 1 percent increase in productivity 
and per capita income was met with a 2 to 3 percent increase 
in demand. Fabricated product prices tended to rise. Manufac- 
turers and construction companies found it profitable to bid for 
labor to meet the increased demand. Wage rates in the fabricat- 
ing industries tended to rise relative to farm wage rates. People 
left farming to obtain the higher incomes available in manufac- 
turing and construction. 

The net effect of technological change in primary and second- 
ary industry was a shift in the work force. The proportion of the 
work force required to meet a relatively static demand for pri- 
mary products decreased and the proportion in secondary in- 
dustry grew because of the growth in demand for fabricated 
products. With the increased incomes made possible by technical 
advances and other factors, people no longer had to spend such 
a large proportion of their budgets for food. The extra income 
went to buy more products. Further, it became possible to pro- 
duce more of such products because the advance in farm pro- 
ductivity released people to fill jobs in fabricating industry. 

Secondary industry now faces the same fate faced earlier by 
the primary industries. At the much higher levels of income now 
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enjoyed by residents of the United States, the income elasticity of 
demand for fabricated products is much lower than it once was. 
Just as people might be said to have had their fill of primary 
products and did not want much of the extra primary product 
which could be produced with the increased productivity of a 
given labor force, they now have their fill of secondary products 
and do not want much of the extra product which can be pro- 
duced with the increased productivity of the fabricating work 
force. If the extra product made possible by higher productivity 
is to be sold, prices of fabricated products will have to fall and 
secondary wage rates be reduced (or rise less rapidly) or there 
will be a declining proportion of employment in the secondary 
industries. If secondary wage rates are not reduced, where will 
fabricating workers find employment? 



Table III 

Primary and Non-Primary Employment' 
1850-1960 



(in millions) 





Farm and other 


Non-primary 


Total 




primary jobs 


jobs 


employment 


1850 . 


5.12 


2.58 


7.70 


1860 . 


6.43 


4.10 


10.53 


1870 .. 


6.69 


6.23 


12.92 


1880 .. 


9.02 


8.37 


17.39 


1890 .. 


10.65 


13.09 


23.74 


1900 .. 


11.68 


17.39 


29.07 


1910 .. 


' 12.64 


24.09 


36.73 


1920 .. 


12.63 


28.98 


41.61 


1930 .. 


11.46 


35.94 


47.40 


1940 .. 


10.25 


43.05 


53.30 


1950 -- 


8.70 


53.70 


61.40 


1960 .. 


6.74 


62.17 


68.91 


Source: 


Economic Report of the President (Washington: 


U.S. Government 



Printing Office, 1961); U.S. Bureau of the Census, Historical 
Statistics of the United States (Washington; U.S. Government 
Printing Office, 1960). 
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The fact that secondary demand is not growing as fast as 
productivity and income means that people must be spending 
their extra income for other goods. If increases in incomes are 
not being devoted to the extra primary and secondary goods 
that can be produced with increased productivity, where is the 
extra income going? 

AS ONE FIELD OF EMPLOYMENT DECLINES 
millions of OTHER EMPLOYMENT OPPORTUNITIES INCREASE ntilUons of 




In recent years, it has become apparent that we have reached 
levels of income at which very high income elasticities of demand 
for the products of personal service and life-enriching industries 
prevail. The growth in demand for beauty shop services, and 
for education, entertainment, travel, research, and medical 
services has increased employment opportunities in the fourth 
and fifth categories (see Table II). In education, an industry 
falling in the life enrichment group, employment has more than 
doubled in the last 30 years. The same thing has occurred in 
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medical and other health services. Some of the growth in the 
third category is in part a result of activities grouped there which 
are fourth and fifth category in character. Restaurants are in- 
cluded in trade ( a third category, specialization aiding industry ) 
by the census takers although they provide personal service. 
Radio and television are included in transportation, public utility, 
and communication (also a third category group), although 
they chiefly entertain and inform, a fifth category activity. 

The impending relative decline in employment in manufactur- 
ing will be as much a result of workers being attracted away from 
this group of industries as it is of labor-saving inventions. As 
people grow wealthier and spend more of their time and incomes 
upon services, leisure and recreational activities, and use more 
medical and educational services to lead healthier and fuller 
lives, employment opportunities in these areas will expand even 
more rapidly than primary and secondary employment contract. 

Within the secondary industries, there will be shifts in structure 
and in occupational mix. Those secondary industries which pro- 
vide goods used in the life enrichment industries or as substitutes 
for personal services will grow as others decline. The school 
furniture, textbook, visual aids equipment, and pharmaceutical 
industries will wax as well as the outboard motor, ski equipment, 
boat building, and photographic film industry. Food processing 
has not declined despite the low income elasticity of demand 
for food because it has redesigned its product to incorporate a 
considerable amount of maid service, the demand for which has 
been frustrated by the rising price of domestic help. 

The Shift in Occupational Structure 

The occupational mix in the secondary industries is changing 
in response to automation and to the resulting higher wage rates 
of production workers. In one example of automation cited 
earlier, the number of production workers dechned, but the 
number of maintenance people rose. As a general rule, automa- 
tion tends to increase the ratio of maintenance to production 
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workers. Higher skill levels and more independent judgment are 
usually required for maintenance men. This will mean an in- 
creasing demand for such skills and will increase the yield from 
investment in skill acquisition. 

In addition, the rising cost of production workers is leading 
to the employment of more indirect workers ( production 
schedulers, personnel relations people, research and development 
personnel, design and factory layout engineers, salesmen, ac- 
countants, etc.) relative to production employees. Table IV 
shows the trend in such employment. The trend is an adaptive 
response to the increasing cost of production workers. Indirect 
workers are substituted for production people just as equipment 
is substituted for them as their cost rises. 

In general, indirect workers require more education. Trends 
in the employment of maintenance and indirect workers not only 
in manufacturing, but also in other industries are in the direction 
of increasing job opportunities for those with more education 
and skill. Automation leads to an increasing demand for educa- 



Table IV 

Growth of Indirect Worker Employment 
In Manufacturing 



Year 


Total 


Production 

workers 


Indirect 

workers 


Indirect 
workers as a 
percentage 
of total 


1942 


(thousands of persons) 
15,051 12,854 2,197 


14.5% 


1946 


14,461 


12,105 


2,356 


16.2 


1950 


14,967 


12,317 


2,650 


17.7 


1954 


15,995 


12,589 


3,406 


21.3 


1958 


15,468 


11,658 


3,810 


24.6 


1961“ 


15,724 


11,642 


4,082 


26.0 



Source: The Economic Almanac: 1962 (New York: National Industrial 
Conference Board, 1962). 

'' January-June average, seasonally adjusted. 
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tional services both because higher income persons spend more 
on education and because the return to investment in education 
increases. 

Some indications of the return to investment in education are 
provided by the differences in lifetime earnings between people 
of various levels of educational attainment. In tenns of the 1958 
distribution of incomes, the lifetime earnings after age 25 of a 
male with less than eight years of schoohng would be $121,000; 
those of an elementary school graduate $170,000; those of a 
high school graduate $242,000; and those of a college graduate 
$420,000. ^ The increasing value of education is shown by the 
relative changes in lifetime earnings at different levels. Thus 
between 1946 and 1958, an elementary school graduate’s lifetime 
earnings increased by 70 percent while those of a college graduate 
rose by 109 percent. 

Small Versus Large Business 

The impact of technological change upon the scale of business 
and upon small versus large business is diflBcuit to disentangle 
from all the other influences operating. Further, technical ad- 
vances have had varying eflFects, some tending to reduce the 
minimum optimum scale and others tending to increase it. In 
terms of the more recent advances, automatic methods of manu- 
facturing tend to increase scale while automated methods tend 
to decrease it. 

The distinction between automatic and automated methods 
may be illustrated by alternative sets of home furnace controls. 
If burners in furnaces were controlled to heat their boilers for 
one hour every other hour, automatically turning on at the end 
of one hour and oflF at the end of the next, we would call this an 
automatic set of controls. With thermostats which sense the 
need, or lack of need, for burner operation to maintain a certain 
range of temperatures, the furnace is automated. It is operated 

^ U.S. Bureau of the Census, Statistical Abstract of the United States: 
1961 (Washington: U.S. Government Printing Office, 1961). 
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by a device which senses what needs to be done and feeds the 
information to solenoids which control the burner. 

Automatic machines can repeat a sequence of operations and 
stop themselves, but they cannot adjust readily to changing re- 
quirements. They are suited to long production runs of identical 
items, but require costly adjustment when dijfferent items are to 
be machined. For large volumes of identical products they are 
ideal, but are very costly when used on short production runs. 
“Detroit” automation is largely of this type. 

Numerically controlled machine tools on the other hand, are 
economical on very short production runs. They can be adapted 
to changing requirements at very little expense. Control tapes 
can be prepared at low enough cost so that production runs of 
less than 100 units are as cheap as production runs of thousands 
on automatic tools.^ 

Therefore, the net results of automation cannot be forecast with 
certainty. Some of the new methods make small businesses 
more viable, others enable large organizations to operate with 
greater relative efficiency. Numerically controlled tools have the 
former effect; computerized data processing has the latter re- 
.sult. 

In terms of the experience of the last ten years, the number 
of business firms does not appear to have been affected by the 
total of all influences operating, including technological change, 
in either direction. The total number grew by 17 percent be- 
tween 1950 and 1962 (see Table V), approximately the same 
rate of growth as that of the total population. The very slow 
growth in the total of manufacturing employment w^s accom- 
panied by a slight decline in the number of manufacturing firms. 
On the other hand, the rapid growth of employment in contract 
construction and the service industries has been accompanied by 
a rapid growth in the number of firms. 

- Automation and Technological Change: Hearings Before the Subcom- 
mittee on Economic Stabilization of the Joint Committee on the Economic 
Report (Washington: U.S. Government Printing Office, 1955). 
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Table V 

Business Firms in Operation 
(data in thousands) 





1950 


1962 


All industries 


4,067 


4,752 


Contract construction 


371 


473 


Manufacturing 


321 


318 


Wholesale trade 


266 


326 


Retail trade 


1,816 


2,022 


Service industries 


736 


917 


Other 




696 


Source: U.S. Bureau of the Census, 


Statistical Abstract of the 


United 


States: 1962 (Washington: 
1962). 


U.S. Government Printing 


Office, 
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CONCLUSIONS 



THE TOTAL NUMBER of Unemployed is lessened by automation 
although some of those who are among the unemployed would 
not be but for the new technology. Displacement through auto- 
mation aflFects fewer people by far than seasonal swings in eco- 
nomic activity and shifts in consumer, governmental, and foreign 
demand. Nevertheless, the losses endured by the individuals 
affected tend to be more severe than those endured by individuals 
displaced by other employment changing factors. More older 
workers lose jobs and are unemployed longer as a . result of 
automation. 
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In addition, younger workers find that special skills and higher 
educational attainment are becoming increasingly necessary to 
imd jobs. In part, employers are tending to hire fewer less skilled, 
less educated people because of higher minimum wage rates 
set by laws, by governmental administrators, and by agreements, 
between unions and employers. At these rates, less skilled per- 
sonnel are not sufficiently productive to justify employing. Adap- 
tation to automation would be easier if the wage stnicture were 
less rigid. It could take place, then, by the acceptance of lower 
wage jobs by some individuals as well as by attaining higher 



Given our present wage structure, unemployment and loss of 
employment through displacement without readily available 
alternative jobs in the same region would be decreased through 
a higher rate of capital formation and economic expansion This 
requires more saving. The income available for saving and the 
incentive to save and invest would be increased by reducing 

upper bracket income tax rates, corporate earnings tax rates, and 
business property taxes. ^ 



Individuals can and are doing much of the adapting required 
within our present wage and tax structure by staying in school 
longer and by acquiring the special skills in demand. Further, 
many employers are providing retraining for a majority of their 
own employees directly affected by automation.^ They are 
minimizing displacement by letting attrition of their work forces 



1 Wisconsin has moved this year to do this, 
local governmental units has been enacted as a 
taxes on business. 



A state sales tax shared by 
means of reducing property 



T Sovemmental program entitled “The Manpower Development 
and Training Act, approved March 15 , 1962 , authorizes a program for 
for ^o'^^sehng and occupational training, including on-the-job training 
for those unemployed or underemployed persons who cannot reasonably 

tL n appropriate full-time employment without training ” 

The Act authorizes payment of training allowances for up to 52 weeks 
and transportation and subsistence expenses when training is not provided 
within commuting distances of the trainee’s home. It also authorLS agree- 

S^v de ttintVif ' '^"^®\^hich they would utilize local facilities and 
fuSons ^ ® through public or private educational or training insti- 
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take place through retirement and quits rather than layoff when 
the number of employees must be reduced. The amount of re- 
duction could be minimized, however, if wage rate increases 
were less precipitate, particularly in regions already suffering 
abnormal levels of unemployment. In addition to minimizing 
displacement by use of normal attrition, separation allowances 
are frequently provided which the displaced employee can use 
to finance retraining or a move to better job markets. 

The extended joblessness suffered by older workers sometimes 

is-not- mitigated by the acquisition of a new skill. There seems 

to be some unjustified prejudice against hiring those at upper 
age levels, although the evidence is not definitive on this point. 
Most evidence points to superior personal characteristics for the 
older worker, such as less absenteeism and greater ability to 
take responsibility, which makes him a desirable employee. Per- 
haps information bn such characteristics needs publicizing. But 
even the older worker problem is much less severe when the 
economy is expanding rapidly. 

The unemployment problem with which we are faced is not 
the result of automation and will not be worsened by automation. 
This new, and old, technology is spreading very slowly and the 
present slow pace is not likely to accelerate. 

The changes ahead will be gradual rather than abrupt. The 
chief [reason] is that it will take a considerable time to design 
and install the new plant that is needed for automatic operation. 
This delay will be increased by the impossibility of meeting im- 
mediately the huge demand ... for electronic control equipment. 
Another detriment to rapid change will be the immense capital 
cost of installing new plant. 

The second reason for supposing a sudden shift to automatic 
production throughout industry to be most unlikely is the problem 
of, education. We must reduce the current shortage of tech- 
nologists and skilled technicians. 

Thirdly, . . . automatic production is . . . only applicable to 
some sections of industry.® 

® Macmillan, op.cit. 
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IF IT WERE NOT for technological change and growth in the 
stock of capital, employment would be approximately 20 million 
less than it now is and 13 million less than it was in 1951. The 
unemployment attributed to automation and to replacement of 
labor by machinery has been caused by the rise in wage rates. 
The average wage in manufacturing, for example, has increased 
from $1.79 per hour in 1951 to $2.32 per hour in 1961 measured 
in 1961 dollars and exclusive of fringe benefits. 
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The situation can be illustrated by examining a hypothetical 
economy with one product which sells for one dollar per unit. 
Suppose that there are 100 fully integrated firms. Each firm 
produces its own raw materials and its own equipment. Each 
maintains or replaces its equipment as it wears out with the result 
that its depreciation is exactly offset by its production of equip- 
ment for its own use each year. We will also assume that each 
firm knows its production schedule with complete certainty. The 
1951 schedule for each firm is shown below; 



1 man 

2 men 

3 “ 

4 “ 

5 “ 

6 “ 

7 “ 

8 “ 

9 “ 

10 “ 



6,000 units of product 

11,60.0 “ “ 

16,900 “ “ 

22,000 “ “ 

27.000 “ “ 

31.200 “ “ 

35.200 “ “ 

38.700 “ “ 

41.700 “ “ 

44.000 “ “ 



If the wage rate and other employment costs amount to 
$4,000 per year, every firm will want to hire at least six men. 
Firms will be indifferent about hiring a seventh man. A seventh 
man will make a net addition of $4,000 worth of produc/ If 
a seventh man v/ants a job, a firm will be willing to use hinf' but 
it will not seek a man to fill the job. With 100 firms, there will be 
at least 600 men wanted to fill jobs although as many as 700 
men can find employment at the $4,000 wage. If the number 
of men seeking jobs is 620 men, all will find employment. 

Now let us suppose that the wage rate is increased to $5,000 
per year. No firm will be willing to hire more than five men. A 
sixth man adds only 4,200 units of product to total output which 

is worth only $4,200. A firm would lose $800 hiring a sixth man 
at $5,000. 

The increase in wage rate to $5,000 per year would cause 
employment to drop from 620 men to 500 men. Unemployment 
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would amount to 120 men. -In terms of the magnitudes typical 
of the American economy, employment would drop from 62 
million men to 50 million. Jobs would be destroyed by the wage 
increase. 

In the discussion in this study, it was indicated that increased 
saving and investment would decrease unemployment. This 
point may be demonstrated using the situation outhned. With 
each plant employing five men, the wage bill would come to 
$25 jQQQi- Since total revenues are $27.000. there is a $ 4.000 re- 
tum on plant investment (or slightly less than $2,000 after a 52 
percent corporate income tax). If the investment required to 
build a plant is $50,000, a $2,000 after tax income would amount 
to a 4 percent return. Elimination of the corporate income tax 
would raise the return to 8 percent and would induce additional 
saving and investment. (It would also induce an inflow of 
foreign capital, reverse international gold flows, and reduce the 
necessity for a restrictive monetary pohcy to protect our stock 
of gold. ) 

Each new plant built, or each additional $50,000 saved and 
invested, would provide an additional five jobs at an annual wage 
of $5,000 each in the circumstances assumed here. With 120 men 
unemployed, the building of 24 new plants would provide enough 
jobs to eliminate the unemployment. 

Some people argue that there is now excess plant capacity and 
therefore no use for additional capacity. They fail to realize 
that the capacity available was made excessive by the rise in 
wage rates. It was worth employing the 620 men who wanted 
jobs in the 100 plants with each plant using at least six men and 
producing at least 31,200 units of product when the wage was 
$4,000. With the wage at $5,000, it does not pay to operate a 
plant beyond 27,000 units of output. There is, then, an apparent 
excess capacity of at least 4,200 units in each plant. The capacity 
was made excess by the rise in real wage rates, not by a decline 
in demand. 
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Increased saving and investment will create additional jobs, 
and have done this in the past. Our employment difficulties lie 
in the fact that there has not been enough saving and investment 
to offset the rise in wage rates which has occurred. 



Improved technology— automation— has done much to preserve 
jobs in spite of the increase in employment costs. Unemployment 
would be much greater if no technological change had occurred. 
This can be made clear by comparing the production schedule 
made possible by l9'6l technology wiflTlhat in a 1951“planf. 



The schedules are shown below. 





1951 


1961 


1 


6,000 


7,000 


2 


11,600 


13,700'" 


3 


16,900 


20,000 


4 


22,000 


25,900 


5 


27,000 


31,600 


6 


31,200 


37,000 


7 


35,200 


42,000 


8 


38,700 


46,500 


9 


41,700 


50,500 


10 


44,000 


54,000 



If the $4,000 wage rates of 1951 had remained unchanged to 
1961, each 1961 type plant would employ at least eight people 
and possibly nine. With each 1961 plant requiring $50,000 
of capital and there being 100 chunks of capital of this amount 
available in the form of 1961 plants, employment would amount 
to at least 800 men and could be as much as 900. In 100 1951 
type plants employment at this wage would be at least 600 and 
possibly as much as 700. The creation of at least 200 new jobs 
can be attributed to the iniproved technology. A rise in the wage 
rate, to $5,000, restricts the number of positions employers want 
to fill to 600 and the maximum numbers of jobs men can find 
to 700. With this rise in wage rates, the number of jobs destroyed 
by the wage increase offsets the number created by automation 
(technological change). 
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